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ASTRONOMICAL SPECTROSCOPY. 

A Treatise on Astronomical Spectroscopy. A trans¬ 
lation of Dr. J, Scheiner’s “ Die Spectraianalyse der 
Gestirne.” Translated, revised, and enlarged by E. 
B. Frost, M.A. xiii. -)- 4S2 pp. Svo., Si woodcuts, 
2 plates. (Boston and London: Ginn and Co., 1S94.) 
HE German original of this work appeared in the 
autumn of 1S90, and was doubtless eagerly wel¬ 
comed by many who had felt the want of a handbook of 
spectroscopy which gave a tolerably detailed account of 
the vast amount of work accumulated during the last 
twenty-five years. From the position of the author in 
the Astrophysical Observatory at Potsdam, it was to be 
expected that the subject would be treated in a scientific 
spirit, and that he would not merely produce a popular 
book, but one which would be of real use to students 
of the youngest branch of astronomy. These expecta¬ 
tions were to a great extent fulfilled, although it must 
have been felt by many readers outside Germany that 
the book suffered from the same defect as Secchi’s “ Le 
Soleil,” that of frequently giving undue prominence to 
the researches made at the observatory where the author 
was working. 

The English edition now before us is not a mere trans¬ 
lation. Not only has it been brought up to date by the 
addition of the results of observations published since 
1890, and in some cases even by the insertion of results 
of American work not yet published elsewhere, but 
Prpf. Frost has evidertly been anxious to be more fair in 
dealing with older work of non-German astronomers, and 
to bear in mind that all spectroscopic researches do not 
bear the stamp, “Made in Germany.” No attempt has 
been made to distinguish the portions so added from the 
original text, except in a few cases where Dr. Scheiner 
requested it, and where the additional matter is put in 
brackets. At the end of the preface Dr. Scheiner has 
inserted a number of notes on various points, as to which 
he differs from the views of the translator. 

The first part (110pp.) deals with “Spectroscopic Appar¬ 
atus,” beginning with the effect of imperfect achromatism 
of the telescope objective on the spectrum, and the means 
it furnishes of testing the achromatism of an object- 
glass. Harkness, Vogel, and Young have applied this 
method in various ways ; but it may be mentioned here 
that the method is much older, and has been used by 
d’Arrest and others. The next paragraphs discuss the 
passage of light through prisms and prism-systems, the 
loss of light by reflection and absorption, the curvature of 
the spectral lines, the properties of the cylindrical lens, 
and the effect of atmospheric disturbances on spectro¬ 
scopic observations. A lengthy account follows of all the 
various spectroscopes and spectrometers which have 
been brought into use from about the year 1817 (not 1823), 
when Fraunhofer designed the objective-prism spectro¬ 
scope, and down to the present day, the theories and 
modes of adjustment of the instruments being fully con¬ 
sidered. The translator has here added accounts of 
Rowland’s construction and use of concave gratings, and 
of Michelson’s and Morley’s application of interference 
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methods to spectroscopic measurements ; he might also 
in this chapter have inserted a description of the 
bolometric methods of observation, which have yielded 
such splendid results (they are partly mentioned in the 
chapter on the sun, but the instrumental arrangements 
should have been given in detail). In the paragraph 
on photographic spectra the Potsdam spectrograph is 
chiefly considered, but the translator also describes 
Hale’s spectroheliograph. 

The second part of the book (pp. m-150) on “ Spec- 
troscooic Theories” is divided into two chapters on 
KirchhofPs Law of the ratio between the absorptive and 
emissive power, and on Doppler’s principle. Prof. 
Frost states in the preface, that in view of the contra, 
dictory results of recent investigations upon the emission 
of light by gases, he has not thought it wise to make any 
additions to the chapter on KirchhofPs Law. It seems, 
however, strange that he should not have drawn atten¬ 
tion to these investigations, and pointed out their immense 
importance for the interpretation of celestial spectro¬ 
scopic observations, though a careful reader will not fail 
to see, even from the short account given of E. Wiede¬ 
mann’s researches, how great a role “luminescence’’ 
phenomena are likely to play in future theories of the 
nature of celestial bodies. The chapter on Doppler’s 
principle deals fully with the theoretical aspect of this 
important matter and the various objections which have 
been raised from time to time, while the splendid 
practical results are deferred to a chapter at the end of 
the book. 

The third and largest part (pp. 151-360) is devoted to 
the “ Results of Spectroscopic Observations.” In the 
German original all wave-lengths were based on the 
Potsdam system of Muller and Kempf, and were ex¬ 
pressed in millionths of a millimetre, but the? translator 
has reduced them all to Rowland’s system of 1893, and 
has adopted the tenth-metre as his unit, in accordance 
with the practice of most British and American spectro- 
scopists. The chapter on the sun describes first the 
various methods of investigating the ultra-red spectrum, 
and includes an account of Langley’s unpublished 
method. By this the invisible spectrum is moved by 
clockwork across a bolometer strip, the passage of the 
lines being recorded by a sensitive reflecting galvano¬ 
meter, the point of light from which falls on a photo¬ 
graphic film, also moved synchronously by clockwork in 
a direction at right angles to the plane of the mirror’s 
movement, thus automatically producing an energy curve. 
This is subsequently converted into a linear spectrum 
containing dark lines corresponding to the cold spaces in 
the invisible spectrum. The ultra-violet spectrum is next 
shortly described, and lists of elements present in the 
sun are given. In the paragraph on the atmospheric 
lines, the translator has substituted Cornu’s list of these 
for those of Angstrom and Vogel, which Dr. Scheiner 
had preferred; but we miss references to Dr. L. 
Becker’s investigation of the low-sun spectrum and 
(curiously enough) to Dr. Muller’s spectroscopic ob¬ 
servations on the Santis, although the latter were 
published more than a year anda half ago in the Potsdam 
publications. More remarkable than these omissions is, 
however, the brevity with which the spectra of sun-spots, 
faculce, and the chromosphere are treated in only twenty- 
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one pages. In (he preface, the author accounts for this 
by pointing out that the present state of our knmrlctlga 
of the constitution of the sun is unsatisfactory, and that 
we have “a large mass of observational data, although 
for the must part unscientifically discussed ; and on the 
other hand,an indefinite number of hypotheses and solar 
theories, which are, with few exceptions, radically wrong 
at the start, and often eouttadiclory to the most simple 
physical views of to-day.” He therefore felt unwilling to 
undertake the task of discussing and sifting these theories. 
No doubt an author has a perfect right to decline an un¬ 
congenial task, but it certainly detracts from the value of 
(tie book that it gives comparatively scam information 
about our central luminary, on which spcctroscopists 
have spent so much labour; and in the succeeding 
chapters Dr, Scheiner has by no means been adverse to 
dealing with ‘"'hypotheses and theories,” It is, of course, 
as impossible to discuss the results of spectroscopic 
observations without attempting to interpret them, as it 
was for our forefathers three hundred years ago to dis¬ 
cuss the motions of the planets 11 without any hypo¬ 
thesis,” And notwithstanding his caution, the author 
lias not been able to keep clear of tjucstionable hypotheses 
on matters connected with the sun, as when he, for in¬ 
stance, suggests that the unsymnictrh.nl broadening of 
lines in spot-spectra might arise fiom the metals entering 
into combinations with the metalloids. This idea is also 
afterwards brought in to account for the same pheno¬ 
menon in star-spectra of Type I lire, but Dr. Scheiner 
seems lately to have abandoned it, ns lie in a note to 
p. 30S concludes from recent observations that the tin- 
symmetrical broadening is due to accidental “clustering” 
of fine lines. With regard to the spectra of sun-spots, 
we notice that all the work done .it South Kensington is 
completely ignored. 

While the chapter on the spectra of the planets, as to 
which not much work has been done of late years, is 
naturally somewhat meagre, that on cornels is very full 
and interesting,and includes an account of the important 
laboratory work of Hasselbcrg. The evident dependence 
of the spectrum on the distance of a comet from the sun 
is duly emphasised, but the account of the two most re¬ 
markable comets of tSSi might have been more lengthy, 
ns we, for instance, do not find any. reference to the 
dark absorption lines seen with more; or less certainty by 
several observers, and which (if really existing) are of 
very great importance for the interpretation of the 
.changes in the heads of comets about the time of peri¬ 
helion passage. 

In the chapter on Nebula:, a complete list of gaseous 
nebula? is given, as lvelt as one of the minute planetary- 
nebula; found with the spectroscope by Pickering and 
Copeland, and it is interesting to sec hoiv this latter 
class of objects, like the older gaseous nebuhv, cling to 
the Milky Way. A list is also given of all the lines 
observed in the spectra of nebula:. It might have been 
mentioned that the line at 447a (which also occurs in 
some stars of Typo Itr and in Nova Auriga*) is probably 
identical with a well-known chromospheric line, asso¬ 
ciated with D s and the hydrogen lines, as suggested by 
Mr, I.ockycr, The author docs not express any opinion 
as to whether the temperature of nebula: is high or low,- 
but he remarks that the comparative simplicity of the 
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spectrum points to the conclusion that the density of 
these bodies is extremely low. 

In the lengthy chapter on the spectra of the stars, the 
classification of Vogel is followed, apparently somewhat 
reluctantly on the part of the translator. So long as the 
system is not supposed to represent the gradual evolu¬ 
tion of .1 star, there can, of course, be no objection to it ; 
but in the light of the results obtained from temporary 
stars, and the detection of dark lines in spectra of 
Type Ir, it certainly looks doubtful if the bright line stars 
can properly be divided among the two first classes (Ir 
and lid). 

The account of spectra of Type Id includes a list of 
ninety-one lines measured by the author in the photo¬ 
graphic spectrum of Sirius, and an account of the 
harmonic relations between the hydrogen lines. That 
the stars of this class are the hottest of all, is generally 
conceded, and the confirmation of this view, which Dr. 
Scheiner (in a note on p. vii.) finds in the appearance of 
the magnesium line at 44S1, was indeed found many 
years ago by Mr, Lockyer {l 3 roe. R.S. xxx. p. 39), who 
first called attention to the fact that this line can only be 
produced by a higli tension spark, and is indicative of 
very high temperature. In the spectrum of u Cygoi (Type 
\b) it is the strongest of all lines. Notwithstanding tfiis 
the author concludes from the fact that only the fainter 
iron lines occur, that a very different temperature must 
prevail in stars of Type lii from that in stars of hi, Yet 
the possibility does not seem to be excluded that this may 
arise from different conditions as to density. Under the 
heading “ Spectra of Type le," the translator gives a 
detailed account of Belopolsky’s investigation of fi Lyra?, 
with regard to which Dr. Scheiner remarks in a note 
that, in view of recent observations made at Potsdam, lie 
cannot believe the phenomenon to be nearly as simple ns 
Belopolsky's observations would indicate. “ There is 
great probability that more than two bodies are con¬ 
cerned in the case of f) Lyric." 

Passing to the Type lift, we find a catalogue of 390 
lines measured- by the author on l’olsdam photographs 
of the spectrum of « Auriga?. While the author justly con¬ 
siders this a complete proof of the absolute agreement 
.between the spectrum of this star and that of the sun, he 
takes a very pessimistic view of the measures of the visual 
spectrum of aTauri by Huggins and Vogel, whose identi¬ 
fications of lines with metallic lines lie seems, with few 
exceptions, to consider worthless. Many readers will 
probably dissent from this view, as the agreement between 
the two observers is really good {as also conceded by the 
author), and this somewhat siveeping condemnation would 
apparently, if consistently applied, wipe out many con¬ 
clusions drawn from spectroscopic observations. 

In the section “ Spectra of Type IU>" the translator 
has put together a large amount of information not to be 
found in the original, by giving a list of fifty-jive stars of 
this class (which ate with few exceptions in or close to the 
Milky Way), and a list of bright lines in the visual spectra 
of thirly-onc of them, recently observed by Campbell at 
the Lick Observatory. The existence of a large envelope 
of incandescent hydrogen about one of these stars 
(D.,M, -f- 30’, 3639) seems to be proved by Campbell’s 
latest observations, accordingto which the F line,observed 
with a narrow slit, is a long line extending to a very ap- 
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preciable distance on eachsideof the continuous spectrum, 
and with an open slit is a large circular disc about 6" in 
diameter. The same appearance is noticeable in the 
faint Hy and very faint Ha lines, but not in other lines. 

The section on Temporary Stars has also been very 
considerably extended by the translator, by the addition 
of a detailed account of the observations of Nova Auriga; 
and of the various theories which have been proposed to 
account for the manifold phenomena exhibited by this 
object. The difficulties in the way of accepting any one 
of these hypotheses as fully satisfactory are pointed out, 
and it seems impossible to deny that there must have 
been more than two bodies in action. The complete 
transformation of the spectrum at the revival of the star, 
so strikingly similar to that discovered by Copeland in 
the case of Nova Cygni, is also an awkward fact to deal 
with, and one that cannot be avoided by merely deny¬ 
ing that we have here “a star turned into a planetary 
nebula,” The interpretation of the nebulous appearance 
of the star as caused simply by the chromatic aberration 
of the blue hydrogen fays, when the telescope is focussed 
for the most intensive rays of the chief nebular line 5002, 
seems untenable, as so experienced and sharp-sighted an 
observer as Prof. Barnard has recently declared himself 
to be absolutely sure, that the nebulous appearance is 
not a mere telescopic effect (Astr. Nach. 3238). And 
why should we think it impossible for the object to look 
like a nebula, when it has the unmistakable spectrum 
of one, and when we remember the above-mentioned 
observation by Campbell of D.M. 30°, 3639 ? The 
objects which caused the outburst in December 1891 
probably left the scene of the catastrophe a few months 
after, leaving behind them masses of gas both visually 
and spectroscopically seen as a nebula. But, as pointed 
out by Prof. Frost, the most difficult facts to explain are 
the enormous relative velocities of the objects. 

The study of the spectra of Type Illrz has, during the 
last few years, produced results which have very much 
lessened the supposed similarity between these spectra 
and those of sun-spots, and the development of bright 
lines in many spectra of long-period variables at their 
epochs of maximum obliges us to give up the ideas which 
formerly prevailed with regard to these variables. Here, 
as in the case of Nova Aurigoe and /3 Lyrte, we have evi¬ 
dently to do with very complex phenomena. The trans¬ 
lator refers in a few words to the theory advanced by Mr. 
Lockyer, that the long-period variables may be systems 
of two swarms of meteorites revolving in elliptical orbits, 
and he dismisses it with the objection (which is not new) 
that the conditions in a system of this kind could not be 
permanent, as with successive collisions the smaller swarm 
would become spread out' into a ring, thus causing the 
variability to cease. This objection is, however, not a 
serious one, as our own Leonids, though spread out into 
a ring, have for many centuries exhibited a very strongly 
marked maximum. 

After describing the spectra of Type 11 16 , the trans¬ 
lator gives a summary of Pickering’s statistical examina¬ 
tion of the Draper Catalogue. He has omitted the short 
notice of the Meteoritic Hypothesis which Dr. Scheiner 
had inserted at the end of this chapter, and which 
hardly gave a fair idea of the hypothesis. The two 
remaining chapters are devoted to the spectra of the 
NO. 1302, VOL. 50] 


Aurora and Zodiacal Light, and the displacements of 
spectral lines as caused by the rotation of the sun, the 
motion of stars in the line of sight, or by spectroscopic 
binaries. A useful addition is given in the shape of a 
reprint of Campbell’s formula; and tables for the reduc¬ 
tion of observations of displacement. 

The fourth part of the book (pp. 361-426) contains a 
very valuable set of spectroscopic tables, viz. Rowland’s 
new table of standard wave-lengths (Astronomy and 
Astrophysics, April 1893), Abney’s wave-lengths of lines 
in the ultra-red spectrum, Kayser’s and Runge’s arc 
spectrum of iron, a catalogue of stars of classes Illrt and 
1115, and, lastly, an unpublished partial revision of the 
chromospheric lines by Young. Finally, on pp. 427-472, 
a bibliographical list is given of books and papers 
relating to astronomical spectroscopy. This list is 
unfortunately very incomplete, and glaringly so with 
regard to solar phenomena. We have, also, in several 
cases missed references to papers quoted in the body of 
the book, and in others only found references to short 
notices in Nature, instead of to original memoirs. 

On the whole, this English revised edition is a great 
improvement on the original, valuable as the latter un¬ 
doubtedly was, and it forms both an excellent text-book 
for the student and a useful book of reference to workers 
in spectroscopy. J. L. E. Dreyer. 


AGRICULTURAL ZOOLOGY. 
Agricultural Zoology. By Dr. J. Ritzema Bos, Lecturer 
in the Royal Agricultural College, Wageninen, Holland. 
Translated by J. R. Ainsworth Davis, B.A. With 
an introduction by Eleanor A. Ormerod. (London : 
Chapman and Hall, 1894.) 

GR1CULTURISTS will be misled by the title of 
this book, if they expect to find any reference in 
it to farm animals which especially interest and concern 
them, such as horses, cattle, sheep, and pigs. There are 
no descriptions of these animals in this work upon agri¬ 
cultural zoology, although after having enumerated the 
thirteen orders of mammals, Dr. Ritzema Bos says he 
shall “deal only with those of agricultural importance,” 
and forthwith leaves out all references to cattle, horses, 
sheep and pigs. But, on the other hand, such animals as 
wildboars, deer, otters, golden eagles,nightingales, herring- 
gulls, and grebes, having no connection with agriculture, 
are treated of at some length, and figures of them are 
given. Cuttle-fishes and star-fishes also seem out of 
place in a work entitled “ Agricultural Zoology,” which 
should rather have been styled “Zoology, or the Ele¬ 
ments of Zoology.” 

Among the insects the migratory grasshopper ( Acri - 
diitm migralorius) and the Colorado beetle (Doryphora 
decemlineata ) figure, though these are not British in¬ 
sects, nor are they likely ever to gain a foothold in this 
country. A work upon British Agricultural Zoology is 
much wanted that would give the cultivators accurate 
information upon all the animals that are in any way, 
directly or indirectly, serviceable to them, and all those 
that are harmful to them, directly or indirectiy. Dr. 
Ritzema Bos just touches the fringe of this subject with 
regard to the larger animals, though, :t must be admitted, 
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